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REI PROJECT #903

1.0 INTRODUCTION

1.1 Purpose of Report

This report presents the membrane interface hydraulic profiling technology (MIHPT)
scope of services that has been performed at the Tower Standard site in Lac du
Flambeau, Wisconsin. The Tower Standard site is located in the SE ¥4 of the SW Y2 of
Section 30, Township 40 North, Range 05 East, in the Town of Lac du Flambeau, Vilas
County, Wisconsin (Figure 1). The site address is 14267 State Highway 70 West, Lac
du Flambeau, Wisconsin 54538. Wisconsin Transverse Mercator (WTM) coordinates
are 526,731/604,470. The majority of the work was completed on the adjacent
property located at 14257 State Highway 70 West. 14257 State Highway 70 West is the

location of the former Timberland Tower Restaurant (Figure 2).

The membrane interface probe (MIP) is a high resolution tool that produces qualitative
vertical profiles of detector responses to VOCs as well as the hydro stratigraphy of the
material it is being advanced through. The MIP heats the soil and groundwater
adjacent to the probe to 120°C to volatize VOCs in contact with the Teflon membrane
on the outer surface of the tip. The volatized VOCs move across the membrane in
response to a pressure gradient established by heating the subsurface. Behind the
membrane is a closed loop trunk line that carries the vapors to a series of detectors

housed at the surface.

Responsive. Efficient. Innovative. 1
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The Hydraulic Profiling Technology (HPT) is designed to evaluate the hydraulic
behavior of unconsolidated materials by injecting clean water into the subsurface and
recording changes in the associated pressure. The HPT system records these changes
in pressure and can be used to estimate hydraulic conductivity values. Both the
pressure and the estimated hydraulic conductivity are plotted in vertical profiles with

respect to depth along with the detector responses.

MIHPT provides real-time information to allow users the ability to make time sensitive
decisions in the field as part of a dynamic work strategy. This type of approach saves
both time and money over conventional approaches. The visual output for the Tower
Standard MIHPT investigation will be a full four dimensional (4-D) interpolated

visualization and interactive maps.

While not a component of the scope of services conducted under the management of
REI, an Ultra Violet Optical Screening Tool (UVOST) using Laser Induced Fluorescence
(LIF) technology was performed at the site. This work was conducted for Coleman
Engineering / Lac du Flambeau Tribe of Lake Superior Chippewa Indians (Tribe). This
scope of services was specifically targeting Light Non Aqueous Phase Liquids (LNAPL)

or free floating gasoline either in the soil pore space or on the water table.

2.0 SUMMARY OF ACTIVITIES

2.1 Membrane Interface Hydraulic Profiling Technology

On July 11-14, 2016, REI was on site with members of the Wisconsin Department of
Natural Resources (WDNR), United States Environmental Protection Agency (EPA) and
Lac du Flambeau Tribe of Lake Superior Chippewa Indians (Tribe) to oversee the
advancement of MIHPT borings. The intent of the MIHPT borings was two-fold. One,
to determine the degree and extent of the petroleum related groundwater contaminant
plume to aid in the placement of future NR141 groundwater monitoring wells. Two, to
aid in creating a conceptual site model (CSM) that all future remedial decisions would

be based upon.
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Cascade Environmental Drilling Services, Schenectady, New York, was subcontracted
to perform the MIHPT scope of services. A total of seventeen (17) borings totaling
722.5 feet were advanced during the completion of the MIHPT scope of services. Site
photographs of the MIHPT process are included in Appendix A. An overview of the
MIHPT process and copies of the completed MIHPT output logs are also included in
Appendix A. A figure depicting the locations of the completed MIHPT borings is
included in Appendix A - Page 8. Soil boring logs and borehole abandonment forms
for the completed MIP borings are presented in Appendix B. Cascade personnel
interpreted the data and created an interactive 4-D model which was shared with EPA,

WDNR, REI and the Tribe.

The MIP scope included analysis using the detectors and are called out in the attached
output logs:

e XSD - Halogen Specific Detector

e PID - Photo Ionization Detector

e FID - Flame Ionization Detector

The MIP/HPT scope also collected the following data sets:
e Depth of boring
e Electrical Conductivity
e Rate of Progress (Speed / Advancement Rate)
e Temperature
e Pressure

e Estimated Hydraulic Conductivity

For the purposes of this report both the PID and estimated hydraulic conductivity data
were analyzed to determine both the degree and extent of the dissolved phase

contaminant plume as well as plume migration potential.
Appendix C-E includes a series of the 4-D model snips. Special importance should be

paid to the top left corner of the figures. Both compass and view angle identification is

provided. The 4-D model snips are best viewed on an electronic reporting format.
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Appendix D snips are all from the same direction (South looking North), while the view

angles range from 90° (plane view) to 0° (cross sectional view).

Appendix C, Figures la-c to Figures 7a-c show a plane view/oblique view/cross
sectional view of the investigation area from the lowest recorded PID values (2.2E+004
MV) to a high PID value of 3.0E+006 uV. Appendix C documents the greatest residual
petroleum concentrations appear to be located between MIHPT1 and MIHPT10.

Appendix D, Figures 1-9 are all PID detector snips with a concentration greater than
1.8E+005 pV. Appendix D, Figure 1 provides the cross-sectional viewing perspective
for Appendix D, Figure 2. Appendix D, Figure 2 is looking into the petroleum
contaminant plume from the West South West. Appendix D, Figures 3-9 are counter-

clockwise views every 90° around the contaminant plume.

Appendix D, Figure 2 clearly shows the dissolved phase contamination in the water
table. Of special note is the impact above the water table along the right side of the
figure near MIHPT2. This impact is more obvious in the following Figures as the view
is rotated around the contaminant plume. Additionally, a slug of significant impact is
documented in Figure 5, which likely corresponds with the same contamination

identified between MIHPT1 and MIHPT10 in the Appendix C series of Figures.

Elevated PID detections were observed in the shallow soils above the water table at
MIHPT boring MIHPT2. Typically, shallow soil impacts are indicative of either a spill
or release to the environment, or potentially other buried fuel tank(s) may remain on

the property.

Appendix E, Figures la-e to 4a-e are Estimated Hydraulic Conductivity depictions.
Figures la-e each are shown from the North looking South. Figure la-4a in Appendix
E, are inverted (-90°), refer to view angle in top left corner of figures, and document
the greatest hydraulic conductivity zone (more than 468 ft/day) beneath the former

Tower Standard building.

Responsive. Efficient. Innovative. 4
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The hydraulic conductivity illustrations also support the historically observed
downward gradient and the documented petroleum impacts to the piezometers.
Additionally, an argument had always been made that there was a paleo-channel
under the former Tower Standard tank bed and that argument has been corroborated

by the Estimated Hydraulic Conductivity model.

2.2 Laser Induced Fluorescence Survey

The laser induced fluorescence (LIF) survey was completed from September 7-8, 2016,
by Matrix Environmental LLC., (Osseo, Minnesota), utilizing a Dakota Technologies
(Fargo, North Dakota), UVOST laser. This work was conducted separate of the joint
WDNR, EPA, REI, Tribe scope. The work was completed for Coleman Engineering

under the direction of the Tribe.

The intent of the LIF survey was to determine the presence and potential vertical and
lateral extent of a LNAPL plume. The methodology behind the LIF survey and the
utilization of the UVOST system is included in Appendix F.

Matrix completed a total of eighteen (18) borings totaling 339 feet of drilling. REI was
provided the coordinates of the completed LIF borings (Appendix F). All eighteen (18)
of the borings were completed as LIF borings. Copies of the Matrix prepared output
for the eighteen (18) borings completed are included in Appendix F. Borehole
Abandonment Forms (Form 3300-5B) for the LIF borings were not made available to

REL

3.0 CONCLUSIONS AND RECOMMENDATIONS

The MIHPT scope of services was successful in aiding in determining the vertical and
lateral extent of the dissolved phase groundwater contaminant plume. The MIHPT PID
output model revealed a potential petroleum soil source near boring MIHPT2. This

potential soil source may be from a historic spill or from buried fuel tank(s).

Responsive. Efficient. Innovative. 5
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Additionally, the estimated hydraulic conductivity depiction shows a band of very
highly conductive soils, possibly a paleo-channel, beneath the former tank bed and
building of the former Tower Standard. Based on the location of the documented
petroleum groundwater contamination between boring MIHPT1and boring MIHPT10,
the presence of shallow soil contamination at MIHPT2 and the highly conductive soils
beneath the former Tower Standard property, it is unlikely that the contamination
observed on the 14257 State Highway 70 West property originated from the former
Tower Standard site. Conversely, it is likely that the contamination identified at 14257
State Highway 70 West is a likely source for the contamination identified on the 124267
and 14277 State Highway 70 properties.

Responsive. Efficient. Innovative. 6
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APPENDIX A

PHOTOGRAPHS OF MIP SERVICES AND

CopPiEs oF MIHPT OuUTPUT LOGS
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Attention: REI June 4, 2017

RE: MIHPT Site Investigation
14267 State Highway 70 West
Lac Du Flambeau, Wisconsin

Dear Dave Larsen,

The following is a summary of site activities performed by Cascade Technical Services, LP at the Tower
Standard site in Lac Du Flambeau, Wisconsin.

In addition to the field logs within this report, we have provided guides to assist you in understanding
the high resolution data and how the systems work. We recommend that you collect groundwater and /
or soil samples to correlate the high resolution data with traditional data. This will provide you with
additional evidence to support your development or refinement of your conceptual site model.

We offer 3D modeling of high resolution data and traditional sampling services as well. These would be
beneficial for viewing the data within the same area.

If you have any questions about this report or you would like to discuss applying this data to a remedial
design at the site, please email me or contact Brad Carlson at 813-731-5916.

Ryan Mulford
Cascade Technical Services, LP

34 Talbot Road
Northborough, MA 01532
410-507-6368 Mobile
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Personnel:
Mr. Ryan Mulford, Cascade Technical Services (HRSC Specialist)

Mr. Eric Pope, Cascade Technical Services (DPT Operator)

Equipment:
e Geoprobe 7822 Direct Push Drill Rig
e  MIP Controller (Nitrogen Flow and Heater)
e Geoprobe Fl 6000 Computer
e SRl Gas Chromatograph
e K6300 HPT Controller
e Electrical Conductivity
e XSD (Halogen Specific Detector)
PID (Photo lonization Detector) 10.2 eV Lamp
FID (Flame lonization Detector)
150' MIP/HPT Trunkline
1.75" O.D. MIHPT Probe
e 1.75" 0O.D. Drive Rods
e UHPN (Ultra High Purity Nitrogen)
e UHPH (Ultra High Purity Hydrogen)

MIP System Overview:

The MIP is a direct push tool that produces continuous chemical and physical logs of the vadose and
saturated zones. The system detects VOCs in-situ and shows where the contaminants occur relative to
the geologic and hydrologic units. Vertical profiles, transects, 3D images and maps can all be produced
from the electronic data generated by the MIP logs. The unique capability of providing reliable, real-time
information allows for informed and timely decision making in the field. The MIP is a downhole tool that
heats the soils and groundwater adjacent to the probe to 120 degrees C. This increases volatility and the
vapor phase diffuses across a membrane into a closed, inert gas loop that carries these vapors to a
series of detectors housed at the surface. Continuous chemical logs or profiles are generated from each
boring. Soil conductivity is also measured and these logs can be compared to the chemical logs to better
understand where the VOCs occur. The MIP technology is only appropriate for volatile organic
compounds (VOCs). The gas stream can be analyzed with multiple detectors, for example a Halogen
Specific detector (XSD) is used to detect halogenated VOC’s, and a flame ionization detector is used to
detect methane.

Detector Overview:

e XSD — The Halogen Specific Detector converts compounds containing halogens to their
oxidation products and free halogen atoms by oxidative pyrolysis. These halogen atoms are
adsorbed onto the activated platinum surface of the detector probe assembly resulting in an
increase thermionic emission. This emission current provides a corresponding voltage that is
measured via an electrometer circuit in the detector controller.

e PID - Photo lonization Detector sample stream flows through the detector's reaction chamber
where it is continuously irradiated with high energy ultraviolet light. When compounds are

2|Page REI- Tower Standard Site
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present that have a lower ionization potential than that of the irradiation energy (10.2
electron volts with standard lamp) they are ionized. The ions formed are collected in an
electrical field, producing an ion current that is proportional to compound concentration. The
ion current is amplified and output by the gas chromatograph's electrometer.

e FID — Flame lonization Detector consists of a hydrogen / air flame and a collector plate. The
effluent from the GC (trunkline) passes through the flame, which breaks down organic
molecules and produces ions. The ions are collected on a biased electrode and produce an
electric signal.

MIP Data Collection

e Depth - Data is collected from twenty data points per foot. 0.05', 0.10', 0.15', etc...

e Electrical Conductivity - Electrical Conductivity data is measured/collected in milli-siemens per
Meter (ms/M). The conductivity of soils is different for each type of media. Finer grained
sediments, such as silts or clays, will have a higher EC signal. While coarser grained sediments,
sands and gravel, will have a lower EC signal. The coarser grained sediments will allow the
migration of contaminants and the finer grained sediments will trap the contaminant.

e Speed / Advancement Rate - Speed data is measured/collected in feet per minute (ft/min).
Speed is an indication of the physical advancement rate of the MIP probe. Speed of the MIP
probe can vary due to operator advancement and dense soil types. Speed log can provide soil
type information which can be correlated with electrical conductivity. Lower advancement
speed, correlated with lower conductivity or larger grained soils would more than likely be
associated with dense or compacted sands.

e Temperature - Temperature data is measured/collected in Degrees Celsius. Temperature is an
indication of the physical temperature of the MIP block. Minimum and Maximum temperature
is collected at each vertical interval. Cascade's temperature protocol indicates that the MIP
probe temperature shall maintain a minimum temperature of 75 Degrees Celsius.

e Pressure - Pressure data is measured/collected in PSI. Pressure is an indication of the internal
pressure of the nitrogen lines located within the trunkline and the pressure behind the
membrane. Geoprobe’s protocol indicates that the MIP probe pressure shall not exceed 1.5
PSI difference from baseline.

e Detector (XSD, ECD, PID, FID) - Detector responses are measured/collected in micro Volts (uV).
Detector responses are an indication of relative contaminant responses. Minimum and
Maximum detector responses are collected at each vertical interval.

Response Testing

Response testing is an integral part of ensuring the quality of data from the MIP system. Response
testing must be conducted before and after each log. This will ensure the validity of the data and the
integrity of the system. Response testing also provides for comparison of data for later MIP logs at a
particular site. However, results of the response test may change due to membrane wear from soil
contact and abrasion.

Prior to conducting a response test, a response test standard solution is prepared by adding an
appropriate volume of stock standard solution to 0.5 liters of clean water in a suitable measuring

3|Page REI- Tower Standard Site
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container (beaker or graduated cylinder) to produce a working standard, for example, 10 pL of 50
mg/mL concentration stock standard is added to 0.5 liters of water to yield a 1mg/L working standard.
Generally, response test standard solutions are prepared using trichloroethene and toluene. However,
response test standard solutions may be prepared based on the specific contaminants of concern at a
site of necessary. Also prior to conducting the response test, the MIP is placed in clean water until
detector response stabilization has occurred.

The working standard is poured into a 50 mL VOA. Once a stabilized Detector baseline is achieved, the
working standard is placed over the Membrane for duration of 30 seconds (Note: in the response test
shown below, the MIP was inserted into the working standard for duration of 45 seconds). At the end of
30 seconds the MIP is removed. The working standard cannot be reused after a response test.

The results of the response test are shown on the MIP data acquisition unit (shown below). The trip time
is measured by recording the time between the moment when the VOA is placed over the membrane
and the response of the detectors, as viewed on the MIP data acquisition unit. The baseline and peak
response value are also recorded for comparison with other MIP response tests. The trip time is entered
manually into the data acquisition system account for the time it takes for compounds in the subsurface
to travel the length of the trunkline during the MIP boring. Per Geoprobe, a passing response test is a
response that is double the noise of the detectors.

2.00E+05

1.00E+05
1.B0E+05

TTOE+05 7 Trip time of

Contaminate
-«

45sec.

Time (s)

PID Response Test — 10 ppm Benzene

HPT System Overview

The HPT system is designed to evaluate the hydraulic behavior of unconsolidated materials. As the
probe is pushed or hammered at 2cm/s, clean water is injected through a screen on the side of the HPT
probe at a flow rate usually less than 300 mL/min. The injection pressure, which is monitored and
plotted with depth, is an indication of the hydraulic properties of the soil. A relatively low pressure
response indicates a relatively large grain size, and the ability to easily transmit water. However, a
relatively high pressure response indicates a relatively small grain size, which correlates with the
inability to transmit water.

4|Page REI- Tower Standard Site
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Additionally, an EC dipole is integrated into the HPT probe. This allows for the collection soil electrical
conductivity (EC) data to interpret the lithology of the subsurface. In general, the higher the electrical
conductivity value, the smaller the grain size, the lower the electrical conductivity value, the larger the
grain size. However, other factors can affect EC, such as mineralogy and pore water chemistry (brines,
extreme pH, contaminants). Conversely, the HPT pressure response is independent of these chemical
and mineralogical factors.

There are five primary components of the HPT system (see schematic below): the probe assembly,
controller, pump, trunkline, and field instrument. The probe assembly consists of the section that
houses the 100 psi pressure transducer, water and electrical connections, and the probe body with the
injection screen and electrical conductivity.

Injecting water at a constant rate is integral to system operation. A controller box houses components
that monitor and regulate the water injection rate and pressure, as well as pressure transducer signal
conditioning electronics. The flow rate, up to 1000 mL/min, is set manually on the front of the
controller, and a valve is used to turn on or shut off flow.

A vane pump provides system pressure ensuring adequate flow to the screen. The pump is secured to a
frame with an integrated visual flow meter. Water and power are transmitted from the controller to the
probe assembly via the trunkline. The probe rods are pre-strung with the trunkline before advancing of
the HPT probe begins.

HPT Data Collection

The HPT system collects depth, electrical conductivity, advancement rate, hydraulic pressure, and flow
information. Additional detail regarding each of these parameters is provided below.

e Depth - Data is collected from twenty data points per foot. 0.05', 0.10', 0.15', etc...

e Electrical Conductivity - Electrical Conductivity (EC) data is collected in milli-siemens per meter
(ms/M). The conductivity of soils is different for each type of media. Finer grained sediments,
such as silts or clays, will have a higher EC signal. While coarser grained sediments, sands and
gravel, will have a lower EC signal. The coarser grained sediments will allow the migration of
contaminants and the finer grained sediments will trap the contaminant.

e Advancement Rate — Advancement rate is collected in units of feet per minute (ft/min).
Advancement rate of the HPT probe can vary due to operator advancement and soil types
encountered.

e Pressure - Pressure data is collected in pounds per square inch (PSI). Pressure is an indication of
hydraulic pressure applied to the subsurface by the HPT system. The system collects both the
minimum and maximum pressures over each vertical interval.

e Flow - Flow data is collected in milliliters per minute (mL/min). Flow is an indication of the rate
water that is pumped out of the membrane at the HPT probe. The system collects both the
minimum and maximum flow over each vertical interval.

5|Page REI- Tower Standard Site
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e Estimated Hydraulic Conductivity (est. K) — Hydraulic conductivity, symbolically represented as K,
is an in-situ property that describes the ease with which water can move through pore spaces or
fractures. It is dependent on the intrinsic permeability of the material and on the degree of
saturation. With respect to the HPT system, the estimated K values are only applicable to the
saturated portion of the formation. The estimated K value is calculated using the HPT pressure
and flow data. It is also necessary to collect HPT response test data before and after each
boring. Additionally, it is necessary to conduct at least one pressure dissipation test during the
logging operation, below the static water table level.

Site Activities:
Project Dates: July 11" July 14™, 2016

SCOPE: Cascade Technical Services, LP advanced 17 direct push MIHPT borings from the ground surface
to between 20 and 63 feet below ground surface (BGS).

MIHPT Boring | Date Time Total Depth | Dissipation Test | MIHPT Notes
(feet) Depth(s) (feet)
MiHPT-01 07/11/2016 | 10:07 52.50 16.73 Refusal at 52.50 feet bgs.
22.83
35.78
48.78(failed)
52.23
MiHPT-02 07/11/2016 | 13:06 39.00 18.23 Refusal at 39.00 feet bgs.

24.28(failed)
30.18(failed)
33.23(failed)
36.28
38.73

MiHPT-03 7/11/2016 | 15:15 49.30 19.88 Refusal at 49.30 feet bgs.
28.83
36.83
44.83

MiHPT-04 07/12/2016 | 07:47 59.25 19.33 Refusal at 59.25 feet bgs.
29.23
37.28
46.38
58.98

MiHPT-05 07/12/2016 | 10:35 62.15 24.93 None.
29.93
37.28
46.33
58.98

MiHPT-06 07/12/2016 | 13:58 52.35 19.83 None.
36.83(failed)
46.88
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MIHPT Boring | Date Time Total Depth | Dissipation Test | MIHPT Notes
(feet) Depth(s) (feet)

MiHPT-07 07/13/2016 | 08:41 63.35 21.13 Refusal at 63.35 feet bgs.
27.08
39.23
48.23
63.08

MiHPT-08 07/13/2016 | 11:27 37.25 21.03 None.
31.03
36.98

MiHPT-09 07/13/2016 | 14:01 27.30 20.23 None.
23.23
27.03

MiHPT-10 07/13/2016 | 15:31 19:40 19.13 None.

MiHPT-11 07/13/2016 | 16:39 53.15 20.18 None.
33.23
40.18

MiHPT-12 07/14/2016 | 07:51 22.15 20.98 None.

MiHPT-13 07/14/2016 | 09:56 41.75 22.88 Refusal at 41.75 feet bgs.
32.88
37.88
41.88

MiHPT-14 07/14/2016 | 11:08 59.60 20.18 Refusal at 59.50 feet bgs.
31.13
39.18
51.13
59.33

MiHPT-15 07/14/2016 | 14:27 34.25 22.93 None.
33.93

MiHPT-16 07/14/2016 | 16:06 20.50 20.23 None.

MiHPT-17 07/14/2016 | 17:38 22.30 22.03 None.

7|Page REI- Tower Standard Site
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APPENDIX B

MMIHPT BORING LOGS AND ABANDONMENT FORMS

Responsive. Efficient. Innovative.










































































































APPENDIX C

PID CONCENTRATION DEPICTIONS (PLANE VIEW/OBLIQUE

VIEW/CROSS-SECTIONAL VIEW)
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APPENDIX D

PID CONCENTRATION DEPICTIONS (ROTATIONAL)
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APPENDIX E

ESTIMATED HYDRAULIC CONDUCTIVITY DEPICTIONS
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APPENDIX F

LIF SURVEY DOCUMENTATION
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High Resolution Site Characterization Report — UVOST®
Haskell Lake, Lac du Flambeau, WI
Project No.: 0221.16

1.0 ULTRA-VIOLET OPTICAL SCREENING TOOL (UVOST®) DESCRIPTION & ANALYSIS

Fluorescence is a property of some compounds where absorbed ultra-violet (UV) light stimulates the
emission of photons (light) of a longer wavelength relative to the source emission. The release of the
photons can be used to detect small amounts of substance (i.e., polycyclic aromatic hydrocarbons (PAHSs))
in a larger matrix (soil). This method of detection has been used in laboratories for decades. With the
commercial availability of lasers and optical fibers, this technology can also be applied in-situ in the field to
identify the presence of light non-aqueous phase liquids (LNAPL).

The UVOST® system sends laser light (308 nanometer wavelength) through a fiber optic cable strung
within probe rods on a direct push drill rig. The light, reflected by a parabolic mirror, then exits through a
sapphire window in the side of the probe. As the probe is advanced, the immediately adjacent soil is
exposed to the UV laser light. If PAHs (compounds in petroleum oils and lubricants that fluoresce) are
light is transmitted

III

present, longer wavelength light is emitted by the PAH compounds. This “signa
through a return fiber, back to the surface to be analyzed. Responses are indicated in real-time on a graph

of signal vs. depth. The UVOST® log displays “color mixed” signal logs consisting of contributions from four
wavelength channels, and waveforms (“fingerprint” of multi-wavelength) to aid in identification and
relative quantity of the compound present.

Prior to every log, the UVOST® system is checked for optical quality by observing the background signal
for sources of signal in the fiber, filter, mirror and sapphire window. Also, the reference emitter (a
standard, proprietary LNAPL mixture called the “RE”) is placed on the window to determine the qualitative
and semi-quantitative properties of the laser system. This is to assure that the RE response has the correct
shape and intensity and that the UVOST® system is calibrated to log. Typically, the RE will fall between
10,000 and 12,000 picovolt-seconds (pVs), which is a measure of waveform area. The background can vary
from 0.1% to 1%, which is typically an area of approximately 0 to 100 pVs. The relationship between the
instrument responses from NAPL in the subsurface and the RE depends on the properties of the NAPL.
The calibration of the system is not to a concentration, but to a known fluorescence signature.

1 <> DAKOTA

TECHMOLOSEIES



High Resolution Site Characterization Report — UVOST®
Haskell Lake, Lac du Flambeau, WI
Project No.: 0221.16

2.0 ELECTRICAL CONDUCTIVITY (EC) DESCRIPTION

Electrical Conductivity (EC) data were collected simultaneously with the UVOST® data. EC is a measure of
the soil’s ability to conduct an electrical current between two dipoles on the UVOST/EC probe.
Conductivity is the reciprocal of electrical resistivity and has the units (in our application) of millisiemens
per meter (mS/m). Since soil is in the pathway of the charge flow, the grain size can be determined by
comparing the EC log to lithology observed in a soil boring. Conductivity readings in the 100s indicate
smaller grain (size such as clay). Larger grain size (sand and gravels) are typically in the 10s of mS/m range.
Prior to every log, the EC point of the UVOST® probe is checked for proper operation by performing a

voltage test with a voltage meter and a conductivity test with a test block.
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High Resolution Site Characterization Report — UVOST®
Haskell Lake, Lac du Flambeau, WI
Project No.: 0221.16

3.0 DISCUSSION AND COMMENTS
Dakota Technologies completed 20 UVOST® borings on the property.

LNAPL was observed on most logs between approximately 5 and 15 feet identified by UVOST®.

LIF-01A and LIF-04A are borings that were done near borings that hit refusal at shallow depths. We were
able to advance deeper on these borings by pre-probing to 12 feet with a 2 inch solid point.

All QA/QC passed specifications for all UVOST® logs.

No soil sampling was completed for confirmation of EC data (soil type) and UVOST® (LNAPL) findings.
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High Resolution Site Characterization Report — UVOST®
Haskell Lake, Lac du Flambeau, WI
Project No.: 0221.16

4.0 LIMITATIONS

The analysis and opinions expressed in this report are based upon data obtained from the specific test
locations and from other information discussed in this report. Exceptions, if any, are discussed in the
accompanying comments section of this report. This report is prepared for the exclusive use of our client
for specific application to the project discussed and has been prepared in accordance with generally
accepted practices. Reported results shall not be reproduced, except in full, without written approval of
Dakota. No warranties, expressed or implied are intended or made.
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UVOST® Field Summary Log
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UVOST® Field Summary Log

Haskell Lake
Lac du Flambeau, WI

Pre-Probe Final Depth Max Signal Max Signal Initial RE Background Fluorescence'”
File Log ID Date / Time (ft) (ft) (%RE) Depth (ft) Area (pVs) Area (pVs) Top - Bottom (ft)
LIF-01 9/7/2016 10:00 3 7 23 7 11489 0 6.8-7.5
LIF-02 9/7/2016 11:45 3 30 20 12 11788 17 7.7,10.2,11.8-12.7
LIF-03 9/7/2016 12:49 3 15 81 11 11407 24 11.3-11.4,12.2
LIF-04 9/7/2016 15:35 12 9 16 8 11739 20 7.8
LIF-05 9/7/2016 16:32 12 26 4 0 10983 27 6.0-8.6
LIF-06 9/7/2016 17:13 12 28 45 8 10637 20 7.5-7.7
LIF-07 9/8/2016 8:37 12 26 24 12 11467 8 6.8-9.2,9.8-12.8
LIF-08 9/8/2016 9:21 12 32 5 12 11382 20 9.9-12.0
LIF-09 9/8/2016 11:11 12 30 5 12 11871 20 10.4-11.9
LIF-10 9/8/2016 12:44 12 14 1 9 11266 21 NA
LIF-11 9/8/2016 13:24 12 8 1 2 11482 22 NA
LIF-12 9/8/2016 13:51 12 15 70 12 11927 27 7.6-9.2,12.1
LIF-13 9/8/2016 14:49 12 27 122 13 11256 27 10.6-12.9
LIF-14 9/8/2016 15:38 12 18 67 8 11694 29 6.5-9.3,12.6-12.8
LIF-15 9/8/2016 16:27 12 14 94 7 11467 20 6.8-8.4
LIF-16 9/8/2016 17:11 12 15 7 12 11234 18 NA
LIF-17 9/8/2016 18:08 12 15 3 3 11424 22 2.8-7.0
LIF-18 9/8/2016 18:31 10 10 11 9 11181 25 8.4-8.7
LIF-1A 9/7/2016 14:35 12 26 20 8 11231 13 7.3-7.7,11.9
LIF-4A 9/8/2016 11:54 12 15 51 8 11413 17 6.3-8.8
Total Footage (this sheet) 381
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UVOST® Logs at 100% RE
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Appendix C

UVOST® Logs at 10% RE
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Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Cond (mSim) Rate (in/s)
] B 00 T I T T T T T T T I T
300 ]
200 —
100 —
RE |
100.0 %RE [0 il i
%
B
2 -10.01 + 1
Bacl_(ground =
0.2 %RE
8 -
6 7 -15.0+ . -
, ] ]
2 o
8.98-12.15 ft
1.4 %RE (s 1.0)
—20.0—- -+ .
5.0 e i
-30.04 -+ .
00 20 40 60 80 100 4D 20
: UVOST® By Dakota
LI F-Og www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 30211t
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 5.5 %RE @ 11.78 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 11:11 CDT




Callouts

300 1
200

100

RE
100.0 %RE

3 !

F

e

Background
0.2 %RE

Refusal at 14.18".

Rate (ini/s)

Depth (ft) Signal (%RE)
- 0.0 e anaaas

5.0

L0.0p

350 400 450 500

Cond (mS/m)}

15,01 i e
20.0] + o+
5.0 1 L
130.0] 1 +
00 20 40 60 80 100 4D 20
: UVOST® By Dakota
LI F-1 0 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 1418 ft
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 0.8 %RE @ 8.82 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 12:44 CDT




Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Cond (mSim) Rate (in/s)
200 _: B 00 E T I T T T T T T | T I T
200
100
RE i i ]
100.0 %RE
B
5
4 - ]
2 -10.0-| + . 8
Bacl_(ground i
0.2 %RE
Refusal at 8.20 feet.
—15.d T S S
20.0] + o+ :
—25.&_ T Sk -
—30.&_ =T = 5
00 20 40 60 80 100 4D 20
: UVOST® By Dakota
LI F-1 1 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 8.20 1t
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 1.4 %RE @ 2.16 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 13:24 CDT
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0.2 %RE
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Depth (ft) Signal (%RE)
- 0.0

5.0

350 400 450 500

L10.0/

Cond (mS/m)}

] 20.0] + -+ :
20 ]
15
10 4
5
1213 1t _
17.8 %RE L5 0 il bl i
Refusal at 14.96 feet.
—30.&_ -+ s :
00 20 40 60 80 100 10 20
: UVOST® By Dakota
LI F-1 2 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 14.96 ft
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 70.2 %RE @1212 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 13:51 CDT
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200
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2.2 %RE (s 1.6)

150

100

50

12.86 ft
121.8 %RE

Cond (mS/m)}

Rate (ini/s)
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L10.01

350 400 450 500
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~20.0+

2501

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

130.0] 1 +
0.0 20 40 60 80 100 1.0 20
: UVOST® By Dakota
LI F-1 3 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 26.62 ft
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 121.8 %RE @ 12.86 ft
Operator / Unit: Elevation: Date & Time:

2016-09-08 14:49 CDT




Callouts

Rate (ini/s)

300
200

100

RE
100.0 %RE

B

4 3

5 110.0

.y

Background
0.2 %RE

Depth (ft) Signal (%RE)
by e

350 400 450 500

]

L 15.0

549-7.16ft
3.9 %RE (s 2.4)

Cond (mS/m)}

] 120.0] + o+ :
100 A 1
a0
7511 |
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8 it
6
4 g |
- E —30.&_ =T = 5
11.19- 1343 ft
1.3 %RE (s 1.4) _ _ |
00 20 40 60 80 100 4D 20
: UVOST® By Dakota
LI F-1 4 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 18111t
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 66.9 %RE @7.51ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 15:38 CDT




Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Cond (mSim) Rate (in/s)
300 . B 00 T I T T T T T I | T
200 —
100
RE i
100.0 %RE 5.0 ]
%
4 - 1
2 -10.0- +
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0.2 %RE
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: UVOST® By Dakota
LI F-1 5 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 14.27 ft
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 93.5 %RE @ 6.88 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 16:27 CDT




Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Cond (mSim) Rate (in/s)
] B 00 T T I T T T T T I T I T
200
100
RE |
100.0 %RE [0 ] il i
B
5
4 - 1
2 ~10.0+ T o 8
Bacl_(ground
0.2 %RE
8 -
6 7 -15.0+ T N -
, ] ]
2 3
11.75-13.24 ft
0.8 %RE (s 0.8)
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0.0 20 40 60 80 | 100 1.0 20
: UVOST® By Dakota
LI F-1 6 www.DakotaTechnologies.com
Site: Y Coord.(Lat-N) / System: | Final depth:
Haskell Lake, WI Unavailable I NA 14.51 ft
D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 6.7 %RE @ 1243 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 17:11 CDT
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D AKD-I-A Client / Job: X Coord.(Lhg-E) / Fix: Max signal:
TECHNOLOGIES Coleman Englneerlng 102 Unava.llable I NA 3.3 %RE @ 3.20 ft
Operator / Unit: Elevation: Date & Time:

Wwww.DAKOTATECHNDOLOGIES.COM

MC/BG / UVOST1004

Unavailable

2016-09-08 18:08 CDT
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Operator / Unit: Elevation: Date & Time:
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Operator / Unit: Elevation: Date & Time:

www.BakaTATESHNDLASIES-EAM | MC/BG / UVOST1004 Unavailable 2016-09-08 11:54 CDT
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Main Plot:

Dakota Technologies
UVOST® Reference Log

Signal (total fluorescence) versus depth where signal is relative to the Reference Emitter (RE). The total area of the waveform is divided
by the total area of the Reference Emitter yielding the %RE. This %RE scales with the NAPL fluorescence. The fill color is based on
relative contribution of each channel's area to the total waveform area (see callout waveform). The channel-to-color relationship and
corresponding wavelengths are given in the upper right corner of the main plot.

Callouts:

Waveforms from selected depths or depth
ranges showing the multi-wavelength
waveform for that depth. The four peaks
are due to fluorescence at four
wavelengths and referred to as
“channels”. Each channel is assigned a
color.

Various NAPLs will have a unique
waveform "fingerprint” due to the relative
amplitude of the four channels and/or
broadening of one or more channels. Basic
waveform statistics and any operator
notes are given below the callout.

Conductivity Plot:

The Electrical Conductivity (EC) of the soil
can be logged simultaneously with the
UVOST data. EC often provides insight into
the stratigraphy. Note the drop in EC from
10 to 13 feet, indicating a shift from finer
(clay) to larger grain size (sand)
stratigraphy. This correlates with the
observed NAPL distribution.

Rate:

The rate of probe advancement. Approx.
0.8 inches (2cm) per second is preferred. A
noticeable decrease in the rate of
advancement may be indicative of difficult
probing conditions (gravel, angular sands,
etc.) such as that seen here at approx. 5 ft.

Note that this log was terminated
arbitrarily, not due to "refusal," which
would have been indicated by a sudden
rate drop at final depth.

v

Information Box:
Contains pertinent log information,
including name and location.

Note A:

Time is along the x axis. No scale is
given on callouts, but it is a
consistent 320ns wide. The y axis is in
mV and directly corresponds to the
amount of light striking the
photodetector.

Callouts Main Plot Conductivity Rate
Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Cond (mSim) Rate (in/s)
r OO ] T T 1 T T T T T T T
300 4 ]
200 ] ]
-{ F2.04 b o E
100 ]
A ] ]
RE N 4.0 + 3
100.0 %RE \ \
Note A [ fl4,: s :
8 : Note B ]
5 ‘{ bl
4 A 8.0 g 3
i i
Background i A
0.3 %RE 1
20 4 31 E
15 9 Note C
10
5
518 /m/
12.0 %RE pA6.04 T ]
»
80 ! 18.0] | ]
60 ]
40 i 1
r20.04 = 3
20 A 1
14.59 - 18.47 ft ]
60.4 %RE (s 19.8) F90 0 i E
£24.01 3 1
250, . . ]
28,01 ‘ ‘ ‘ | | ‘ ‘
0 20 40 60 80 100 100 1.0
UVOST By Dakota
LI F-Oog WWW DakolaTechnrJXgies com
- | Site: Y Coord.(Lat-N) / System: | Final depth:
Diesel site IWGS-84 24.96 ft
Client / Job: X Coord.(Lng-E) / Fix: Max signal:
DA KDTA ABC Consulting /DG-3D 98.9 %RE @ 14.52 ft
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Note B:

These two waveforms are clearly
different. The top box is the Reference
Emitter (a blend of NAPLs) always taken
before each log for calibration, and the
lower box is weathered diesel from the

log itself.

Note C:

Callouts can be a single depth (see 3rd
callout) or a range (see 4th callout). The
range is noted on the depth axis by a bold
line. When the callout is a range, the
average and standard deviation in %RE is
given below the callout.
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Waveform Signal Calculation

Reference Emitter Example

CH1 CH2 CH3 CH4 Total Channel CH1 CH2 CH3 CH4 Total
4820 8108 _ 6249 _ 2984 _ 22161 | Area (pVs) | 4923 _ 5743 _ 4166 , 1735 _ 16587
21.7 36.6 28.2 13.5 =~ 100% | Percent RE| 22.3 259 18.8 78  75%

Data Files

Raw data file. Header is ASCII format and contains information stored when the file was initially written (e.g. date, total depth,
* lif.raw.bin max signal, GPS, etc., and any information entered by the operator). All Raw waveforms are appended to the bottom of the
file in a binary format.

Stores the plot scheme history (e.g. callout depths) for associated Raw file. Transfer along with the Raw file in order to

.1
Aif.plt recall previous plots.
*lif.jpg A .jpg image of the OST log including the main signal vs. depth plot, callouts, information, etc.
Data export of a single Raw file. Tab delimited format. No string header is provided for the columns to make importing
« if.dat.txt into some programs easier. Each row is a unique depth reading. The columns are: 1-Depth; 2-Total Signal (%RE);

3-CH1%; 4-Ch2%; 5-CH3%; 6-Ch4%,; 7-Rate; 8-EC Depth; 9-EC Signal; 10-Hammer Rate Depth; 11-Hammer Rate;
12-Color (RRGGBB). Summing channels 1 to 4 yields the Total Signal.

A summary file for a number of Raw files. ASCII tab delimited format. The file contains a string header. The summary
* lif.sum.txt includes one row for each Raw file and contains information for each filed including: the file name, GPS coordinates, max
depth, max signal, and depth at which the max signal occurred.

An activity log generated automatically is located in the OST application directory in the ‘log’ subfolder. Each OST unit
*lif.log.txt the computer operates will generate a separate log file per month. A log file contains much of the header information
contained within each separate Raw file, including: data rate, total depth, max signal, etc.

Common Waveforms (highly dependent on soil, weathering, etc.)
Calcutated Color || Catculated Coor[ | Calculated Color- - catcuated coor [

60 300 4 25 4

40 4 200

20 100 4

Note: Gasoline, Ml Tau 157 224 248 448 nNote:  Diesel, FL Tau 135 264 300 45.2 Note: Kerosene, KS Tau 268 38.3 321 140 Note:  Jet Fuel, CA Tau 87 6.7 59 66
Range 9.95 -10.35 ft signal 34.1 %RE (s 16.1) Range:4.65 -5.09 ft signal 269.6 %RE (s 37.9) Range 24.95 -32.79 ft signal: 9.8 %RE (s 3.4) Range1.20 -1.90 ft signal: 7.6 %RE (s 1.0)
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